Membrane filtration is of great present and future importance for drinking water treatment. In Germany still a comparatively small number of plants are in operation, however the world-wide quick and strong growth results in intensified efforts of the water industry. Innovative developments of German membrane manufacturers and engineering companies to optimize process engineering and research activities by German institutes and universities pave the way to improve high-performance membrane technology.
INTRODUCTION
Despite the fact that Reverse Osmosis (RO) is strongly increasing on the global market, currently, in Germany just seven RO-and Nanofiltration (NF) plants larger than 10 m³/h with a total capacity of about 850 m³/h (capacity of the largest plant 440 m³/h) are in operation. Usually the treatment goal is the softening of groundwater. Further, there are intensive activities to relaunch desalination in Germany. This is shown by the recent foundation of the "German Seawater Desalination Society (DME)" and the "Center of Desalination Research and Capacity Building (CeDes)". Both institutions stand for bundling the existing know-how and the interest of science, economics and politics in Germany to create a platform for exchange of experience and further training for desalination of seawater and brackish water [1]. 
USE OF LOW PRESSURE MEMBRANES IN GERMANY
In Germany MF and UF are used in drinking water treatment according to Figure 2 . Some membrane plants are used after a conventional treatment process, but the development of more robust modules, improved MF/UF-processes (e. g. by more efficient backwash methods and by optimization of the coagulation pretreatment [2] ) allowed the application of the membrane filtration further at the beginning of the process chain. MF/UF membranes are also used for the treatment of filter backwash water, in order to save waste water fees e. g. by recycling the permeate into the raw water. Like worldwide one can observe an almost exponential rise of the MF and UF technology (see Figure 3 ), in Germany, however the starting point is somewhat later. Figure 4 shows the locations of all membrane plants with a capacity over 8 m³/h momentarily operated for drinking water production in Germany. Usually UF plants are in operation. At present the largest plant has a capacity of about 6,000 m³/h. This is currently number 6 in the world (see Table 1 ). Despite of the quite small number of plants installed a relatively high number of different membrane types and membrane systems are in use.
UF PLANT IN ROETGEN/ GERMANY
In Germany, one of the world-wide largest UF plants for the treatment of reservoir water to drinking water has been gone into operation at the WAG Wassergewinnungsund -aufbereitungsgesellschaft Nordeifel mbH in Roetgen with the end of the year 2005. The plant was planned and designed by the engineering consultant Wetzel + Partner with scientific and consulting support of IWW Rhenish-Westfalian Institute for Water Research and the Institute of Energy and Environmental Engineering (EUT) at the University of DuisburgEssen [3] . After first piloting with different semitechnical pilot plants (each about 10 m 3 /h), one UF-pilot plant with horizontal pressure vessels with a capacity of some 150 m³/h was operated during a period of 4 years. It was found, that the UF operates most stable fed with flocculated raw water. In a tight co-operation between the WAG and the IWW different operational conditions were tested and optimised. Simultaneously pilot tests with an immersed suction membrane pilot plant with a treatment capacity of about 100 m³/h have been carried out for some time. With this plant different operational basic conditions were tested and optimized. Further pilot investigations with a submerged membrane plant with a capacity of 100 m³/h were done in parallel and several smaller pilot plants for the treatment of the resulting backwash water were operated too. Apart from a multiplicity of operational optimizations the following three aspects can be held as substantial results of the piloting with direct consequences to the execution planning:
• Under the given conditions the advantages of the UF-membrane filtration can be used optimally, if used for direct filtration of the flocculated raw water. Positioning the UF after the existing conventionell filter stage is possible too, but less efficient.
• With an optimized backwash process the CEB (chemically enhanced backwash) of the membrane plants -with the pressure vessel technology as well as with the submerged membrane technology -can be carried out just with caustic and acidic solutions. Thus, a CEB with oxidizing chemicals can be avoided.
Figure5: UF Skids for drinking water treatment
• Because of the high permeate quality, conventional procedures to monitor the treatment effectiveness like the measurement of turbidity are not sufficient. Here more sensitive methods as for example the particle counting (if necessary with spiking particles into the feed) and/or occasional integrity tests by means of pressure holding tests have to be used.
A further characteristic of the new plant in Roetgen is, that the backwash water of the membrane plant for drinking water production is treated by a second membrane stage. The produced permeate is then added to the raw water of the first stage, which increases the overall recovery over 99 %. The second stage has a treatment capacity of 600 m³/h [4] . The stable operational behaviour and the excellent quality of the produced water fulfill all expectations in its entirety. The specific treatment costs including operational and investment costs are less than Euro 0.1/m³ drinking water. Figure 5 shows the new drinking water plant, Figure 6 the new backwash wate 
SOME FURTHER GERMAN TECHNICAL DEVELOPMENTS
In Germany there is no relevant manufacturer of NF or RO membranes for the production of drinking water. However for MF/ UF membranes there is with "inge AG" one German manufacturer, who offers products for drinking water production in the national and international market with increasing success. Since 2000 the "inge AG" produces capillary membranes and modules for pressure-driven UF. In particular the patented multibore membrane was established meanwhile as competition product for the conventional single fibre capillaries. Completely new is the arrangement of seven capillaries in just one fibre. This arrangement causes a high mechanical strength against fibre breaking by the foam-like supporting structure, which is between the individual capillaries (see Figure 7) A very promising process for the treatment of strongly loaded surface waters has been developped by the German engineering company "Passavant-Roediger GmbH". This process, meanwhile internationally announced to patent, is the implementation of the combination flocculation, submerged membrane filtration and lamella clarifier with integrated sedimentation and thickening (see Figure 8 ).
The submerged membrane plate separators are operated in the sedimentation tank. The contact sludge from the thickener zone is recycled for the very efficient contact flocculation.
RESEARCH IN GERMANY
The IWW and the EUT are currently engaged intensively with different research topics. One topic is the application of neural networks in membrane technology. Before realization of largescale plants usually extensive and time consuming studies in bench-scale or pilot plants studies are necessary to adapt the plant to the on-site conditions. This is not only necessary for the membrane step itself but also for possible pretreatment facilities like e.g. coagulation/flocculation. Up to now these studies are performed by a mixture of "trial and error" and operators' experiences from other sites. Additionally, membrane plants usually are operated based on fixed time schedules instead of relating operation parameters to transmembrane pressure (TMP) development or incoming changing water conditions. Due to the lack of knowledge about influencing parameters neural networks as black box models are capable to model fouling from operational and water quality data derived by online data logging and laboratory measurements during pilot testing. In a further step these models could be used for process control to avoid irreversible fouling [5] . In surface water treatment coagulation is a common pre-treatment step also for membrane filtration. Additionally, chemical enhanced backwashes (CEB) in defined intervals are used to improve process stability. For a start, our neural network configuration is applied for predicting the TMP at cycle start as well as the TMP at cycle end, considering process parameters, water quality parameters as well as coagulation and CEB parameters. The software NeuroModel (Atlan-tec) provides the possibility of a purposive design of experiments so that the effort for pilot plant studies can be reduced and a broad range of data for modeling can be collected. A sensitivity analysis of the neural network shows the influence of different input parameters on the target which may also contain hints on mechanisms in membrane filtration. With a reliable prediction quality genetic algorithms can be applied to the models for the purpose of finding the optimal combination of control variables (e.g. coagulant dose, filtration flux, backwash frequency, chemical demand). By this means the productivity can be optimized. CEB can be initiated by necessity instead of a rigid time schedule. This will lead to a reduced amount of waste water and chemicals demand. Another topic of research is the use of ceramic membranes for direct river water treatment. A new ceramic membrane has been designed by NGK Insulators Ltd., Japan to compete in the drinking water treatment market. IWW investigated the operational performance and economical feasibility of this ceramic membrane in a one year pilot study of direct river water treatment with the hybrid process of coagulation and MF. The aim of this study was to investigate flux, recovery, and DOC retention performance and to determine optimum operating conditions of NGK's ceramic membrane filtration system with special regards to economical aspects. Temporarily, the performance of the ceramic membrane was challenged under adverse conditions. During pilot plant operation river water with turbidities between 3 and 100 FNU was treated. Membrane flux was increased stepwise from 80 to 300 l/m²h resulting in recoveries between 95.9 and 98.9 %. A DOC removal between about 20 and 35 % was achieved. The robustness of the ceramic membrane filtration process and the low maintenance requirements makes it attractive for a broad range of water treatment applications. The economical feasibility study was performed comparing ceramic and polymeric membranes in pressure vessels for direct surface water treatment. Due to their availability, cost functions derived from tender bids for German drinking water treatment plants were used for the cross section calculations. The calculations showed very much comparable specific treatment cost for both polymeric and ceramic membrane systems. For large plants (> 1.000 m³/h) applying the combination of coagulation and membrane filtration specific treatment cost of below Euro 0.1/m 3 can be expected. However, local conditions may have an important impact on economics. Thus, the comparative character of the economical calculations in order to study the competitiveness of ceramic membranes has to be emphasized. However, due to a dramatically decreased membrane price and due to their operational performance it can be expected that ceramic membranes will enlarge the water treatment market. Further IWW and EUT are engaged in using Computational Fluid Dynamics (CFD) for simulating membrane processes and for optimizing the geometry and hydraulics of membrane modules and membrane reactors. CFD has grown from a mathematical curiosity to become an essential tool in almost every branch of fluid dynamics, from aerospace propulsion to weather prediction and has received extensive attention. With the help of computers and development of both hardware and software CFD emerges on the basis of approximation of differential equations by discretised numerical concepts. By these methods, the governing equations which describe fluid flow (usually the set of the Navier -Stokes equations, continuity and additional conservation equations) can be solved. CFD is attractive for two reasons. Firstly, the desire to be able to model physical fluid phenomena that cannot be easily simulated or measured with a physical experiment, for example weather systems or hypersonic aerospace vehicles. Secondly, the desire to be able to investigate physical fluid systems more cost effectively and more rapidly than with experimental methods. Figure 9 and 10 some simulations are shown. In Figure 9 the pressure and velocity distribution in the thickener from the Passavant-Roediger Turbo-MPE Process (see Figure 8 ) is simulated. The cross section is from the top of one side of the thickener to the bottom of the other side. Figure 10 shows the concentration and velocity distribution in an in/out operated capillary membrane assuming a homogenous size of flocs entering the capillary. This simulation is used to find the best diameter and length of capillaries for filtration and backwash process.
